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ABSTRACT 

Related  analyses  have  been  developed  for  the  rapid  estimation 
of  compositions  of  mixtures  of  acetic  acid  -  acetic  anhydride  -  per- 
chloric acid  and  those  of  acetic  acid  -  water  -perchloric  acid.  These 
solutions  are  common  in  various  3-component  baths  used  in  the 
practical  partial  acetylation  of  cotton.  Perchloric  acid  is  estimated 
by  titration  in  anhydrous  acetic  acid  solution  with  standardized  po- 
tassium acid  phthalate,  the  indicator  paranaphtholbenzein.  Water 
and  acetic  anhydride  are  estimated  empirically  by  phase  separation 
in  the  presence  of  a  large  volume  of  hydrocarbon  solvent.  The  raeth- 
ods  are  rapid  and  would  seem  readily  applicable  in  cotton-textile - 
finishing  plants  where  partial  acetylation  processing  is  conducted. 
They  have  been  found  to  be  satisfactory  as  control  methods  in  pilot- 
scale  operations  for  the  partial  acetylation  of  cotton. 
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SIMPLIFIED  CONTROL  ANALYSIS    OF  SOLUTIONS  USED  IN 
PARTIAL  ACETYLATION  OF  COTTON 


Edmund  M.    Buras,    Jr.  ,  ^     Albert  S.    Cooper,    and  Manuel  D.    Cruz 
Southern  Regional  Research  Laboratory  ^ 

In  pilot-scale  partial  acetylations  of  cotton  raw  stock,  yarn, 
and  fabric  by  methods  developed  at  this  Laboratory  (1,  3,  6),  ^  con- 
trol of  the  processes  and  efficient  reuse  of  spent  solutions  require 
that  the  composition  of  each  bath  be  known  and  periodically  exam- 
ined. While  standard  analytical  techniques  for  the  analysis  of  mix- 
tures of  acetic  anhydride,  perchloric  acid,  and  water  in  various 
mixtures  with  acetic  acid  were  available  (8,  9,  11),  and  a  special 
thermoraetric  procedure  had  been  developed  for  laboratory  analyses 
(6),  there  remained  a  need  for  considerably  more  rapid  techniques 
which  could  be  applied  in  the  pilot  plant.  Fortunately,  the  partial 
acetylation  processes  are  not  especially  sensitive  to  small  changes 
in  reagent  concentrations,  so  emphasis  could  be  placed  on  simplicity 
and  rapidity  in  the  procedures  to  be  developed.  Furthermore,  since 
these  tests  would  ultimately  be  used  in  commercial  cotton-textile - 
finishing  plants,  methods  employing  a  minimum  of  specialized  rea- 
gents, equipment,  and  techniques,  which  are  readily  usable  by  non- 
chemists  to  control  plant  production,    seemed  most  desirable. 

The  naethods  finally  adopted  for  estimation  of  composition  of 
this  family  of  solutions,  which  give  sufficient  accuracy  for  process 
control  when  used  in  conjunction  with  the  processes  described  else- 
where (1,  3,  6),  are  given  below,  with  the  experimental  observations 
on  which  they  are  based. 

The  baths  requiring  analyses  may  present  a  wide  rangeof  com- 
positions usually  remaining  within  the  limits  shown  in  Table  I.  All 
are  subject  to  contamination  by  impurities  found  in  the  technical 
grades  of  the  components,  and  by  the  various  soluble  and  insoluble 
innpurities  carried  into  them  by  gray  or  boiled  cotton  goods  and  pro- 
ducts of  their  acetylation.  The  used  mixtures  generally  range  from 
transparent  light  tan  to  nearly  opaque  dark  brown.  One  exception, 
the  catalyst  bath  of  the  continuous  process,    is  often  an  inky  blue. 


Present  address:  Harris  Research  Laboratories,  Inc.  ,  1246 
Taylor  St.  ,    N.  W.  ,    Washington  11,    D.    C. 

One  of  the  laboratories  of  the  Southern  Utilization  Research  and 
Development  Division,  Agricultural  Research  Service,  U.  S.  De- 
partment of  Agriculture. 

Numbers  in  parentheses  refer  to  list  of  references  at  end  of  this 
report. 


Table  I.       COMPOSITION  OF  PARTIAL  ACETYLATION  BATHS. 


Bath  Components 


Limits  of  Concentration,  Percent  by  Weight 


Acetic 
Acid 


Acetic 

Anhydride 


Water 


Perchloric 
Acid 


TWO-BATH  PROCESS 


1 


Activation  Step: 
Reaction  Step: 

THREE-BATH  PROCESS 


2 


80  -   100         0   -  20 
50  -     90      10  -  50 


0  -  20 


0.  05 
0.  5 


Activation  Step: 
Operating  Tank 
Feed  Solution 

Catalyst  Addition: 
Operating  Tank 
Feed  Solution 

Reaction  Step: 
Operating  Tank 
Feed  Solution 


80  - 

100 

0 

-  20 

0  -  20 

0  - 

-  0.  05 

60  - 

100 

0 

-  20 

0  -  20 

0  - 

-  0.  05 

85  - 

100 

0 

-  2 

0  -  10 

1  - 

-   5 

84  - 

98 

- 

— 

0  -   8 

2  - 

-  10 

30  - 

80 

20 

-  55 

0  - 

-  0.  3 

0  - 

5 

95 

-100 



1  ^     Raw  stock  on  yarn  dyeing  machine,    and  fabric  on  jig. 

2  Yarn  or  fabric  on  continuous  range. 


METHOD  FOR  ESTIMATION  OF  PERCHLORIC  ACID 

Perchloric  acid  in  solutions  of  acetic  anhydride  and  acetic  acid 
maybe  easily  titrated  with  potassiiim  salts  of  weak  bases  in  an  anhy- 
drous system  (8).  A  readily  available  visual  indicator  has  been  se- 
lected; it  is  not  greatly  interfered  with  visually  by  either  the  tans  and 
browns,  which  predominate  in  the  impure  baths,  or  the  blue  colora- 
tion which  develops  in  the  catalyst  addition  bath  of  the  continuous 
partial  acetylation  process.  Paranaphtholbenzein  (Eastman  Organic 
Chemicals  No.  924),  ^  stable  and  free  from  interference  by  low  con- 
centrations   of   water    and   unidentified  contaminating  substances    us- 


The  mention  of  trade  products  does  not  imply  that  they  are  rec- 
oramended  or  endorsed  by  the  Department  of  Agriculture  over 
sirailar  products  of  other  companies  not  mentioned.  Trade 
names  are  used  here  for  convenience  in  reference  only. 


ually  present,  is  eminently  satisfactory  as  the  indicator.  Accordingly, 
an  otherwise  ordinary  titration  procedure  (5)  has  been  adopted,  de- 
tails of  which  are  shown  below  in  Procedure  1.  A  concentration  of 
potassium  acid  phthalate  convenient  for  stoichiometric  calculations 
is  used  for  the  titrant,  and  paranaphtholbenzein  as  a  saturated  solu- 
tion in  glacial  acetic  acid  for  the  indicator.  The  color  change  is  from 
blue  to  tan.  A  precision  of  about  1%  of  the  observed  perchloric  acid 
content  is  obtained.  Accuracy  depends  partly  on  the  accuracy  of 
preparation  of  the  standard  potassium  acid  phthalate  reagent,  but 
this  is  relatively  siraplified  by  the  use  of  a  primary  standard-grade 
reagent,  ordinarily  of  99.  95%  purity  (Eastman  Organic  Chemicals 
No.  X-538)  "*  .  The  possibility  of  more  serious  error  lies  in  the  in- 
terpretation of  the  indicator  color  changes  if  the  water  content  of  the 
solution  becomes  significant.  Exploratory  experiments  indicate  that 
the  error  may  be  approximately  as  large  as  the  water  content  of  the 
solution.  Through  the  addition  of  acetic  anhydride  to  elinninate  water 
prior  to  titration,    this   source  of  error  is  eliminated. 

A  simple  proportion  does  not  exist  between  the  perchloric  acid 
content,  expressed  in  parts  by  weight,  and  the  volume  of  a  standard 
base  required  for  neutralization  of  a  fixed  volume  of  such  solutions, 
because  the  composition  of  the  liquid  in  which  perchloric  acid  is 
found  in  the  various  partial  acetylation  baths  may  vary  over  a  con- 
siderable range,  from  about  20  percent  water  to  55  percent  acetic 
anhydride  in  acetic  acid,  and  because  the  density  of  these  mixtures 
is  also  affected  by  their  perchloric  acid  content.  Therefore,  a  con- 
centration of  standard  base  was  selected  so  that  the  error  in  using  a 
single  factor  for  the  conversion  of  all  volumetric  readings  to  per- 
chloric acid  content  is  minimized  (zero  at  0%  and  at  8%  perchloric 
acid  in  glacial  acetic  acid).  The  error  incurred  does  not  exceed  plus 
or  minus  0.  1%  perchloric  acid  over  the  range  0-10%  perchloric  acid 
in  acetic  acid  containing  water  or  acetic  anhydride  over  the  range  of 
concentrations  cited  above. 

METHOD  FOR  ESTIMATION  OF  ACETIC  ANHYDRIDE  OR 
WATER  IN  ACETIC  ACID 

Assuming  that  voluraetric  nnethods  are  preferred  for  speed 
and  miniiTLum  equipment  requirements,  phase  diagrams  of  a  number 
of  three -component  mixtures  of  acetic  acid,  acetic  anhydride  or 
water,  and  promising  third  components  were  examined.  They  indi- 
cated thatthe  phase-composition  relationships  of  the  first-two-named 
components,  with  Varsol  '*  ,  a  readily  available  petroleum  fraction, 
might  be  useful.  Approxinnate  phase  diagrams  have  been  determined 
at  room  temperature  with  A.  C.  S.  grade  reagents,  except  for  the 
Varsol,  which  was  used  as  received.  The  diagrams  are  reproduced 
in  Figures  1  and  2.  The  possibility  of  acetic  anhydride  and  water 
existing  together  in  any  of  the  baths  is  not  considered  here,  inas- 
much as  the  two  do  not  co-exist  (for  any  period  of  practical  interest) 
at  the  temperatures  and  catalyst  concentrations  employed  in  coin- 
mercial  processes  for  the  partial  acetylation  of  cotton. 
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TABLE  II.  VARSOL  REQUIRED  TO  PRODUCE  TURBIDITY 
WHEN  ADDED  TO  PREPARED  MIXTURES  OF 
ACETIC  ACID  AND  ACETIC  ANHYDRIDE. 


Varsol  Added, 

Acetic 

Anhyd 

ride, 

Varsol Added, 

Acetic 

Anhydride, 

ml 

. 

Percent  by  Vo 

liime 

ml. 

Percent  by 

Voliirae 

7. 

5 

100 

20 

37 

.       8. 

0 

96 

22 

33 

8. 

5 

91 

:     24 

30 

9. 

0 

86 

26 

27 

9. 

5 

82 

;    28 

24 

10 

78 

30 

22 

11 

70 

34 

19 

12 

63 

38 

16 

13 

57 

42 

15 

14 

52 

.   46 

14 

15 

49 

50 

14 

16 

46 

17 

44 

^ '  ■ , 

18 

42 

,:■■■.      •  :       .     ..  ■    ■  - 

19 

39 

Figure  1.  Phase  diagram, 
acetic  acid  --  acetic  anhy- 
dride --  Varsol 


A  25% 
WATER 


Figure  2.     Phase  diagram, 
acetic  acid-  -water --Varsol 


The  relationships  shown  in  Figure  1  naay  be  directly  applied  in 
the  estimation  of  composition  of  solutions  containing  only  acetic  acid 
and  acetic  anhydride.  Such  a  procedure  has  been  tested  under  pilot- 
plant  operating  conditions,  and  is  as  follows:  The  solution  to  be  an- 
alyzed is  adjusted  to  room  temperature.  A  100  ml.  sample  is  titrat- 
ed with  Varsol  with  an  automatic  burette  until  permanent  cloudiness 
is  obtained  on  shaking.  The  volume  of  Varsol  required  is  empirical- 
ly related  to  the  acetic  anhydride  content  of  the  original,  as  shown  in 
Table  II.  While  the  method  is  rather  satisfactory  for  lightly  colored 
solutions  free  of  suspended  matter,    agreement  within  limits  of  2-3% 
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anhydride  on  discolored  samples  is  difficult  to  obtain.  Furthermore, 
inexperienced    operators    frequently    cannot   detect   turbidity   at    all. 
The  table  of  values    may  be   found   useful,     nevertheless,  for  quickly 
identifying    solutions   when   accuracy  within  these  limits  will  suffice. 

A  method  of  analysis  for  water  in  acetic  acid  solution  in  which 
the  mixtures  are  permitted  to  stand  for  various  periods  in  a  separa- 
tory  fxinnel  in  the  presence  of  a  large  excess  of  Varsol  has  also  been 
investigated.  Results  of  typical  experiments  are  given  in  Table  III. 
The  effects  of  shaking  and  standing  of  the  mixtures  for  different 
periods  are  shown,  as  are  also  the  effects  of  the  presence  of  per- 
chloric acid  at  a  concentration  of  1%  and  10%  by  weight  in  the 
sample.  The  volume  of  the  lower,  aqueous  phase  is  not  linearly  re- 
lated to  the  concentration  of  water  in  the  sample. 

The  apparatus  shown  in  Figure  3 
is  found  most  convenient  for  the  sep- 
arations with  large  ratios  of  Varsol  to 
bath  liquor.  It  is  readily  made  by  join- 
ing appropriate  portions  of  Pyrex  ^ 
items  No.  6360-ETXYG  and  No.  6320- 
ETPVU  at  the  area  marked.  Thus 
joined,  the  apparatus  has  a  capacity  of 
approximately  1,  000  ml.  ,  yet  the  vol- 
\ime  of  the  lower  phase,  if  less  than  20 
ml.  ,  can  be  quickly  estimated  to 
0.02  ml. 


On  the  basis  of  the  data  shown  in 
Table  III,  volumetric  methods  have 
been  developed  for  process  control  in 
pilot-plant  acetylations  of  cotton  in  this 
Laboratory,  and  suitable  instruction 
sheets,  charts,  and  tables  have  been 
prepared.  These  are  reproduced  as 
Procedures  II  and  III,  with  the  ac- 
companying Figures  4  and  Sand  Tables 
IV  and  V. 
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Figure  3.    Modified  separ- 
ate ry  funnel 


Procedure  II,  for  the  estimation 
of  water,  is  based  on  the  relative  iin- 
miscibility  of  acetic  acid-water  mix- 
tures in  Varsol.  The  method  for  the 
estimation  of  acetic  anhydride,  Proce- 
dure III,  is  effectively  based  on  the 
same  phenomenon,  with  observations  being  made  subsequent  to  hy- 
drolysis of  the  anhydride  with  excess  water  to  yield  aqueous  solutions 
of  acetic  acid  which  may  be  handled  substantially  as  in  Procedure  II. 
Since  the  miscibility  is  significantly  affected  by  the  perchloric  acid 
content  of  the  samples  in  both  procedures,  it  is  necessary  to  deter- 
mine perchloric  acid  concentration  prior  to  calculation  of  the  com- 
position of  samples  analyzed  by  Procedures  II  and  III. 


The  values  in  Table  V  were  derived  from  the  data  in  Table  II, 
the  stoichiometrical  relationship  that  was  used  being  given  by  the 
following  equation: 

w    =    500  —     45  (0.  176)  d  N 
45    d     +      5 

in  which      w  -  water  content  of  the  hydrolysate,    %  by  weight 

N  =  acetic  anhydride  content  of  the  sample,    %  by  weight 
d    -  density  of  sample,    taken  to  vary  linearly  between 
the  following  points: 

Composition  Density,    25°  C. 

Acetic  acid,    100%  1.05 

Acetic  anhydride,  100%  1.07 
Perchloric  acid,    1.  1% 

in  acetic  acid  1.  05 
Perchloric  acid,    1.  1% 

in  acetic  anhydride  1.  07 


A  1.  1%  concentration  of  perchloric  acid  in  the  sample  is  chosen 
in  Table  V  to  illustrate  the  effect  of  concentration  of  this  acid  on  the 
estimation  of  acetic  anhydride  because,  with  the  addition  of  water  as 
called  for  in  Procedure  III,  the  final  concentration  of  acid  in  the  hy- 
drolyzate  is  reduced  to  1.  0%,  a  value  used  in  obtaining  the  data  of 
Table  II. 

A  precision  of  about  1%  of  the  observed  water  content  or  5%  of 
the  observed  anhydride  content  is  obtained.  Accuracy  depends  pri- 
marily on  the  standardization  procedure  used  in  the  preparation  of 
charts  or  tables.  It  is  likely  that  temperature  changes  over  a  wide 
range  would  affect  both  the  precision  and  the  accuracy  of  these 
methods,  as  would  also  the  use  of  a  hydrocarbon  solvent  of  widely 
varying  composition,  but  no  difficulties  have  been  enco\intered  thus 
far  in  application  of  the  raethod  under  normal  room-temperature 
variations  with  the  one  hydrocarbon  solvent  used  always  as  specified. 

Procedure  I.      ESTIMATION   OF    PERCHLORIC  ACID  IN  ACETYLA- 
TION  BATHS 

Apparatus  and  materials  required: 

8  oz.    sample-collection  bottle 
50  ml.  automatic     burette,      containing     standard     potassiiim      acid 

phthalate  soln. 
50  ml.  graduated  cylinder 
250  ml.  Erlenmeyer  flask 
20  ml.    and  5  ml.    transfer  pipettes  and  safety  filling  device. 
"Diluent  solution,  "    acetic  anhydride  in  acetic  acid,    1:4  by  volume. 
Standard    (0.  108N)   potassium    acid   phthalate    solution,   prepared  by 
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TABLE  III.  OBSERVATIONS  ON  SEPARATION  OF  ACETIC  ACID- 
WATER-VARSOL  MIXTURES  AT  ROOM  TEMPERA- 
TURE. 

Procedure:  Shake  mixture  of  50  ml.  of  solution  being 
tested  with  750  ml.  of  Varsol,  using  separatory  funnel 
shown  in  Figure  3. 


Solution  Composition 


Volxime  of  Lower  Phase,   ml. 


Water, 

Percent 

by  Weight 


Perchloric 

Acid, 
Percent  by 
Weight 


After   1  Min. 
Shaking  and 
10  Min. 
Standing 


After  5  Min. 

Additional 

Shaking  and 

1  Hr. 

Standing 


•>«M*i^?*? 


After  3  Hr, 

Additional 

Standing 


0.  00 

0. 

00 

0.  00 

0. 

00 

.  25 

, 

00 

.  00 

, 

00 

.  50 

— 

, 

10 

.  30 

, 

30 

1.  00 

1. 

88 

1.92 

1. 

95 

2.  00 

5. 

10 

5.  16 

5. 

18 

4.  00 

10. 

50 

10.40 

10. 

40 

10.  00 

— 

20. 

80 

20.  82 

20. 

83 

20.00^ 

15. 

53 

15.  55 

15. 

55 

.  00 

1.  0 

1. 

38 

1.  60 

1. 

75 

.   .25 

1.0 

1. 

58 

1.70 

1. 

80 

.  50 

1.  0 

1. 

85 

1.  98 

2. 

00 

1.  00 

1.  0 

2. 

22 

2.  38 

2. 

40 

2.  00 

1.  0 

4. 

00 

4.26 

4. 

26 

4.  00 

1.  0 

8. 

88 

8.  82 

8. 

85 

10.  00 

1.  0 

19. 

50 

19.  50 

19. 

50 

20. 00^ 

1.  0 

15. 

40 

15.40 

15. 

40 

.  00 

10.  0 

16. 

35 

16.  23 

16. 

25 

2.  00 

10.  0 

16. 

98 

17.15  . 

17. 

15  . 

5.  00 

10.  0 

17. 

10 

17.  35 

17. 

35 

9.  00^ 

10.0 

9. 

6 

9.6 

9. 

6 

12. 00^ 

10.  0 

10. 

6 

10.  7 

10. 

8 

15.  00^ 

10.  0 

12. 

15 

12.15 

12. 

15 

17. 00^ 

10.  0 

13. 

15 

— 

19. 00^ 

10.  0 

14. 

0 

1         25-nnl.    sample    +     375  ml.    Varsol. 

dissolving  22.  06  grams  of  A.  R.  grade  potassium  acid  phthalate 
per  liter  of  glacial  acetic  acid  solution  at  20     C. 

p-Naphtholbenzein  solution,  approximately  saturated,  prepared  by 
dissolving  0.  1  gram  in  30ml.  glacial  acetic  acid,  in  dropping  bottle 
(No  tables  or  charts  are  required) 


Instructions:     (This    procedure    is    applicable    to    all   baths   listed  in 
Table  I.  ) 

1.  Draw  sample  into  dry  collection  bottle;  adjust  to  room 
temperature.  -^    -•■    >■•-' 

2.  Using  a  50  ml.  graduated  cylinder,  measure  out  50  ml.  of 
"diluent  solution"  and  pour  into  Erlenmeyer  flask. 

3.  Using  20  ml.  pipette  and  safety  filling  device,  deliver  20 
ml.  of  sample  into  Erlenmeyer  flask  containing  diluent  solution.  If 
a  particular  sample  is  likely  to  contain  more  than  2.  5%  perchloric 
acid,   the    5  ml.    pipette    should   be   used   to   deliver    a    5  ml.    portion. 

4.  Bring  the  contents  of  the  Erlenmeyer  flask  to  a  boil  for  a 
few  seconds  and  then  cool  to  room  temperature  by  flowing  tap  water 
aroiind  the  flask. 

5.  Add  3  drops  of  saturated  p-naphtholbenzein  indicator.  A 
color  change  of  the  indicator,  from  tan  to  green,  indicates  presence 
of  perchloric  acid. 

6.  Titrate  with  standard  potassivim  acid  phthalate  solution 
\intil  the  tan  color  returns.     Record  volume  required. 

7.  The  concentration  of  perchloric  acid,  in  percent  by  weight, 
is  obtained  by  multiplying  the  observed  volume  of  titrant  by  1/20  if  a 
20  ml.  portion  was  used;  e.  g.  ,  20.  0  ml.  of  titrant  is  equivalent  to 
1.  00%  perchloric  acid,  by  weight.  If  a  5  ml.  portion  was  used,  the 
conversion  factor  is  1/5;  that  is,  50.  0  ml.  of  titrant  is  equivalent  to 
10%  perchloric  acid,    by  weight. 


Procedure  II.     ESTIMATION  OF  WATER 

Apparatus  and  materials  required: 

50  ml.    transfer   pipette    vidth  safety 
filling  device 
800  ml.    transfer  funnel 
1,000  ml.    graduated  cylinder 

8  oz.     sample-collection  bottle 

Modified     separatory  funnel 
{Fig.    3) 
Funnel  support 
Thermometer  (-10^0  ISO^C.) 
Varsol 

Glacial  acetic  acid 
Conversion    table     or     chart 
applicable  at  roora  tempera- 
•    ;  .    ■-.         ture    (See  Table  IV  and  Fig. 

-■■•■■  •;    4.)    ,,     ...  ;..^. 
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(A) 
(B) 

no   HCIO4 
1  %    HCIO^ 
10%    HCIO4 

If 

///w 

- 

(B) 

{ 

-/ 

X, 

(C) 

1 

1 

"^  0  10  20  30 

OBSERVED      VOLUME    of    LOWER    PHASE,    ml. 

Figure  4.  Chart  used  with 
Procedure  II  for  estima- 
tion of  water 
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Table  IV.      TABLE    USED   WITH   PROCEDURE  II  FOR  THE  ESTIMA- 
TION OF  WATER  AT  ROOM  TEMPERATURE. 


Volume  of 

Water 

Content  of  Sample,    Percent  by  Weight 

Lower  Phase 

ml. 

No 

1  -Percent 

10-Percent 

Perchloric 

Perchloric 

Perchloric 

Acid  in 

Acid  in 

Acid  in 

Sample 

Sample 

Sample 

< 

0.  00 

=  0.47 

--' 

.10 

.50 

-- 

.  25 

.54 

-- 

.50 

.61 

-- 

.75 

.69 

-- 

1.  00 

.76 



1.40 

.86 

0.  0 

2.  00 

1.  10    . 

.  7 

3.00 

1.  3 

1.  4 

4.  00 

1.6 

1.9 

5.  00 

1.9 

2.  4 

6.  00 

2.  3 

2.9 

7.  00 

2.  6 

3.  3 

8.  00 

3.0 

3.  8 

9.  00 

3.4 

4.  3 

10.00 

3.8 

4.  7 

11.  0 

4.2 

5.  2 

12.0 

4.7 

5.  7 

13.0 

5.  2 

6.2 

14.0 

5.7 

6.7 

15.  0 

6.2 

7.  3 

16.  0 

■         6.8 

.     7.  8 

16.3 

7.  0 

8.  0 

17.  0 

7.4 

8.4 

18.0 

■           8.  0 

9.  1 

19.  0 

8.7 

9.7 

20.  0 

9.4 

10.4 

21.  0 

10.  1 

11.  1 

22.  0 

10.  9 

11.  8 

23.0 

11.7 

12.6 

24.  0 

12.6     -   : 

13.4 

25.0 

13.6 

14.2 

26.  0 

14.5 

15.  1 

27.  0 

15.  5 

16.1 

28.  0 

16.  5 

17.0 

29.  0 

17.  5 

18.  2 

30.  0 

18.  5 

19.  4 

31.0 

20.  0 

21.  0 

0.  0 
4.  0 
7.  0 
8.9 
10.4 

11.6 
12.7 
13.  7 
14.7 
15.  7 


16. 
17. 
19. 
20. 
21. 
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Instructions:     (This  procedure  is  applicable  to  activation  and  catalyst 
baths,  and  to  those  feed  solutions  which  contain  water.  ) 


1.       Draw  sample  into  dry  collection  bottle,  cool  to  room  tem- 
erature    by  flowing   tap  water  around  bottle,    and  filter  if  necessary. 


2.  Using  50  ml.  transfer  pipette  and  safety  filling  device, 
withdraw  50  ml.  of  sample,  and  deliver  into  separatory  funnel.  (If 
funnel  is  rinsed  with  glacial  acetic  acid  between  operations,  it  will 
drain  sufficiently  dry  between  determinations  under  ordinary  condi- 
tions. )  Retain  surplus  sample  in  collection  bottle  for  further  use  if 
necessary. 


3.  Using  1,  000  ml.  graduate,  measure  out  750  ml.  of  Varsol 
and  pour  into  separatory  funnel.  To  avoid  spillage,  the  large  liquid 
transfer  funnel  is  convenient. 


4.       Remove  separatory  funnel  from  stand,  shake  it  moderate- 
ly for  1  minute,    and  replace  in  stand. 


5.  After  10  minutes  have  elapsed,  observe  and  record  volume 
of  lower  phase  if  less  than  20  ml.  ;  or  drain  lower  phase  into  50  ml. 
gi'aduate  if  more  than  20  ml.  ,  observe  volume  and  record.  When 
draining  into  graduate,  a  few  milliliters  of  Varsol  should  be  drawn 
also,  to  insure  receiving  all  of  lower  phase.  Twirling  the  separa- 
tory funnel  before  reading  the  volume  of  the  lower  phase,  or  drain- 
ing it,  will  assist  the  coalescence  of  the  lower  phase,  and  also  dis- 
engage droplets  from  the  walls  of  the  funnel,  so  that  they  may  fall 
more  readily. 


6.  Consult  Table  IV,  or  Figure  4,  for  conversion  to  water 
content  of  sample.  If  the  presence  of  perchloric  acid  is  possible,  its 
concentration  should  be  determined  according  to  Procedure  1  and  in- 
terpolation between  columns  of  Table  IV  is  required.  If  no  lower 
phase  is  observed,  estimation  of  acetic  anhydride  (Procedure  III) 
may  be  required. 
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Procedure  III, 


ESTIMATION  OF  ACETIC  ANHYDRIDE  IN  ACETY- 
LATION  BATHS  CONTAINING  LESS  THAN  ABOUT 
56%  ANHYDRIDE. 


Apparatus  and  materials  required: 

Hot  plate 

5  ml.    transfer  pipette 

8  oz.     sample-collection  bottles 
50  m.1.    graduated  cylinder 
1,  000  ral.    graduated  cylinder 

Modified  separatory  funnel  (Fig.    3) 
800  ml.    transfer  funnel 
Funnel  support 
Varsol 

Glacial  acetic  acid 
Conversion    table    or    chart    appli- 
cable    at     anticipated    temperature 
(See  Table  V  and  Fig.    5.  ) 


OBSERVED  VOLUME  of  LOWER  PHASE,  ml. 

Figure  5.  Chart  used  with 
Procedure  III  for  estima- 
tion of  acetic  anhydride 


Instructions:  (This  procedure  is  applicable  to  all  activation  and  cat- 
alyst baths  and  feed  solutions,  and  to  those  reaction  baths  containing 
less  than  about  56%  acetic  anhydride.  ) 

1.  Collect  sample  in  dry  collection  bottle,  cool  to  room  tem- 
perature,   and  filter  if  necessary. 

2.  By  raeans  of  the  50  ml.  graduate,  measure  out  45  ml.  of 
sample  and  pour  into  Erlenmeyer  flask. 

3.  Using  pipette,  transfer  5  ml.  of  distilled  water  into  the 
Erlermaeyer  flask. 

4.  Bring  to  a  boil  for  a  few  seconds.  Allow  to  stand  30  sec- 
onds,   then    cool    contents    of  flask  by  flowing  tap  water  around  flask. 

5.  Pour  the  entire  contents  of  the  Erlenmeyer  flask  into 
modified  separatory  funnel.  (If  funnel  is  rinsed  with  glacial  acetic 
acid  between  operations,  it  will  usually  drain  suffisiently  between 
determinations.  ) 

6.  Using  1,000  ml.  graduate,  measure  out  750  ml.  of  Varsol 
and  pour  into  separatory  funnel.  To  avoid  spillage,  the  large  liquid 
transfer  funnel  is  convenient. 

7.  Remove  separatory  funnel  from  stand,  shake  it  naoderately 
for  1  rainute,    and  replace  in  stand. 


II 


8.  After  1  0  minutes  have  elapsed,  observe  and  record  volume 
of  the  lower  phase.  Twirling  the  separatory  fiinnel  before  reading 
the  volume  of  the  lower  phase,  or  draining  it,  will  assist  its  coales- 
cence and  also  disengage  droplets  from  the  walls  of  the  fxonnel,  so 
that  they  will  fall  more  readily. 

9.  Consult  Table  V,  or  Figure  5,  for  conversion  to  acetic  an- 
hydride content  of  sample.  If  the  presence  of  perchloric  acid  is  pos- 
sible, its  concentration  should  be  determined  and  anhydride  estima- 
tion interpolated  between  columns  in  the  table,  as  required.  No 
lower  phase  will  be  found  if  the  acetic  anhydride  content  of  the  sam- 
ple is  greater  than  about  56%,  depending  on  the  perchloric  acid  con- 
tent of  the  sample. 

APPLICATION  AND  DISCUSSION 

Although  the  composition  of  the  various  solutions  does  not  us- 
ually vary  significantly  during  pilot-scale  runs  at  the  Southern 
Regional  Research  Laboratory,  all  baths  and  recovery  solutions  are 
analyzed  on  a  routine  basis  to  test  the  feasibility  of  continual  moni- 
toring by  these  methods,  should  this  prove  desirable  in  large  scale 
or  more  rapid  operations.  It  has  been  foiind  that  an  average  opera- 
tor can  routinely  deterraine  the  significant  component  concentration 
of  every  bath  of  a  continuous  range  (5  analyses  required)  in  15  min- 
utes without  difficulty. 

In  batchwise  operations  on  pilot- scale  acetylations  of  cotton 
raw  stock,  these  raethods  have  been  used  on  each  mixture,  before 
and  after  reconstituting,  for  over  3  years.  During  this  period,  it  has 
been  found  sufficiently  precise  to  enable  highly  reproducible  acetyla- 
tions under  controlled  condition  of  time  and  temperature  when  stock 
from  the  same  bale  is  repetitively  treated  with  reconstituted  solu- 
tions. Significant  variations  in  acetylation  rates  of  non-identical 
samples    of   cotton  stock  are  attributable    to    variations   in    reactivity 

ill)' 

It  has  been  noted  that  the  dark  browns  which  increase  in  depth 
on  reuse  of  solutions,  and  the  very  dark  blues  which  discolor  the 
catalyst  bath  of  the  continuous  process,  tend  to  be  self-compensat- 
ing for  the  difficulties  their  dark  color  would  seemingly  cause  in 
determining  end  -  points  in  titrations  with  a  visual  indicator.  Each 
of  these  colors  shows  a  tendency  to  behave  as  an  indicator  itself  and, 
with  a  little  experience  and  care,  these  solutions  can  be  readily  ti- 
trated with  acceptable  precision,  regardless  of  the  actual  color 
change  involved. 

The  use  of  these  analytical  procedures  for  the  control  of  an 
acetylation  process  does  not  require  that  absolute  quantities  of  the 
components  be  determined,  but  that  the  components  be  reconstituted 
to  the  same  ratios  for  each  successive  run.  However,  these  pro- 
cedures for  determining  the  chemical  components  of  an  acetylating 
solution   have    been   compared   with    standard   analytical  methods  for 

-12- 


Table  V.  TABLE  USED  WITH  PROCEDURE  III  FOR  ESTIMATION 
OF  ACETIC  ANHYDRIDE  IN  ACTIVATION  AND  REAC- 
TION BATHS  AT  ROOM  TEMPERATURE. 


Voliune  of 

Acetic 

Anhydr 

ide  Content  of  Sample,    Percent  by  Weight 

Lower 

Phase, 

No  Perchloric 

Acid 

1.  1 -Percent  Perchloric  Acid 

ml. 

in 

Scimple 

in  Sample 

0.0 

> 

56 



1.0 

55 

> 

1.4 

54 

■          .    =    59 

2.  0   . 

53 

-  ^          55 

3.0 

51 

51 

4.  0 

49 

47 

5.0 

47 

44 

6.0 

45 

41 

7.0 

43 

39 

8.0 

41 

36 

9.  0    \ 

39 

33 

10.0    • 

36 

30 

11.0 

33 

•^    ^         27 

12.0 

30 

24 

13.0 

27 

21 

14.  0 

24 

18 

15.  0 

21 

14 

16.0 

18 

11       ■      .  :    ■      - 

17.  0 

14 

7 

18.0 

10 

3 

18.  8 

8 

0 

19.0 

6 

■'■.-'          — 

20.0 

1 

— 

20.  3 


the  determination  of  acetic  anhydride,  water,  and  perchloric  acid. 
The  results  of  these  comparisons,  as  shown  in  Table  VI,  demonstrate 
that  the  accuracy  of  these  proposed  methods  of  analysis  is  equal  to 
the  standard  methods  of  analysis. 
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Table  VI.      COMPARISON  OF  STANDARD  METHODS  OF  ANALYSIS 
WITH  THE  PROPOSED  METHODS  OF  ANALYSIS 


Sample 
No. 


Acetic  Anhydride, 
Percent 


Standard 
(9) 


Proce- 
dure III 


Perchloric  Acid, 
Percent 


Standard 


Proce- 
dure I 


Water, 
Percent 


Standard 
(4) 


Proce- 
dure II 


CM240 

0.  0 

0.  0 

0. 0045 

0.  0 

1.  715 

2.  0 

CM241 

3.63 

3.  5 

0.  07 

0.  07- 
0.  10 

0.  01 



Precipitation  of  CIO4  as  KCIO4  in  excess  KAc  (method  developed 
by  Hoffpauir  and  Whitley,  Southern  Utilization  Research  and  De- 
velopment Division,    New  Orleans.  ) 


SUMMARY 

Related  analyses  have  been  developed  for  the  rapid  estimation 
of  compositions  of  mixtures  of  acetic  acid  -  acetic  anhydride  -  per- 
chloric acid  and  those  of  acetic  acid  -  water  -  perchloric  acid,  solu- 
tions which  occur  commonly  in  various  3-component  baths  used  in  the 
practical  partial  acetylation  of  cotton.  Being  entirely  volumetric  and 
requiring  no  unusual  skills  or  equipment,  the  methods  are  rapid  in 
operation  and  would  seem  readily  applicable  in  cotton-textile -finish- 
ing plants  where  partial  acetylation  processing  is  conducted.  They 
have  been  found  to  be  satisfactory  for  control  methods  in  pilot- scale 
operations  for  the  partial  acetylation  of  cotton. 
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